Objectives. Several serum biomarkers have been reported to increase in periodontitis patients as possible mediators linking periodontal inflammation to systemic diseases. However, the relationship between periodontitis and urine biomarkers is still unclear.
Introduction
Periodontitis is a chronic inflammatory disease caused by the host's immune response to subgingival biofilm, resulting in the destruction of the connective tissue and bone that support the teeth. Moreover, inflammation of the local periodontium also induces low-grade systemic inflammation, and this may have a crucial role to play in the increased risk of systemic diseases such as cardiovascular disease (CVD), diabetes, and rheumatoid arthritis associated with periodontitis [1] [2] [3] . Although the precise mechanism for this association is still unclear, it has been suggested that periodontopathic bacteria and proinflammatory cytokines produced by the inflamed periodontal tissues can disseminate into the systemic circulation and enhance the inflammatory response of other tissues and organs [4, 5] .
At present, periodontitis is diagnosed based on radiographic examination and measurement of clinical parameters such as probing depth (PD), clinical attachment level (CAL), and bleeding on probing (BOP), which can reflect a history of the disease or demonstrate current disease activity. However, no information on systemic biological responses to periodontitis are recorded, and biological markers such as serum biomarkers can act as valuable tools for quantitative detection of the host's response to periodontitis. Several serum biomarkers such as high-sensitivity C-reactive protein (hs-CRP), tumor necrosis factor alpha, interleukin 6, soluble (s) CD14, and antibody titers to periodontopathic bacteria have been reported to reflect periodontitis [6] [7] [8] [9] . Moreover, the levels of serum proprotein convertase subtilisin/kexin type 9 (PCSK9) and total bilirubin, both of which exhibit positive or negative relationships with CVD [10] , have been reported to increase or decrease in patients with periodontitis [11, 12] . Serum PCSK9 can potentially be used to screen for periodontitis and also evaluate the risk of developing CVD associated with periodontitis [11] .
However, in contrast to serum biomarkers, the evidence on the relevance of urine biomarkers in periodontitis is very limited. A previous study reported that urinary albumin excretion increases in patients with periodontitis, and another study conducted in Korea demonstrated that individuals with albuminuria were likely to exhibit a higher prevalence of periodontitis [13, 14] . Prasanna et al. reported that the levels of urine neopterin, which is a marker of cellular immune activation, decrease with periodontal therapy [15] . Urine samples typically contain a lot of biomarkers related to kidney injury, such as albumin (ALB), β 2 -microglobulin (β 2 -MG), α 1 -microglobulin (α 1 -MG), N-acetyl-β-D-glucosaminidase (NAG), liver-type fatty acidbinding protein (L-FABP), neutrophil gelatinase-associated lipocalin (NGAL), A-megalin (A-Meg), C-megalin (C-Meg), and podocalyxin (PCX). ALB, β 2 -MG, α 1 -MG, and NAG are classically used to monitor renal impairment or renal tubular dysfunction [16, 17] . L-FABP and NGAL are biomarkers newly recognized in acute kidney injury or CKD [18] . Recently, the measurement of megalin and PCX has been reported to be effective biomarkers to evaluate the severity of CKD [19] [20] [21] [22] [23] . However, the relationship between these biomarkers and periodontitis has not been clarified to date. Furthermore, to the best of our knowledge, there are no studies that have attempted to identify the urine biomarkers that are related to periodontitis in a Japanese population.
e aim of the present study was to investigate the relationship between periodontitis and various urine biomarkers typically used to monitor renal function or diagnose kidney diseases. We chose 9 urine biomarkers that have been reported to have an association with kidney injury in this exploratory study.
Materials and Methods

Study Subjects.
is study included 131 industrial employees who had undergone annual health examinations in the city of Niigata, Japan. e same subjects were also enrolled in the study "Prospective observational study of the relationship between periodontal disease and lifestylerelated diseases monitored by atherosclerosis-related biomarkers," in which the raw data of serum antibody titers against periodontal bacteria and copy number of periodontal bacteria in saliva in addition to examination of periodontitis were obtained and used for the analysis [11] . Individuals with fewer than 15 teeth and the small number of female subjects (n � 12) were excluded from this study to avoid potential bias. erefore, the final study sample consisted of 108 males (Figure 1) , and the characteristics of the study population are shown in Table 1 . e study protocol was approved by the ethics committee of the Niigata University School of Medicine on April 18, 2014 (approval no. 1833), and the study was carried out in accordance with the tenets of the Declaration of Helsinki.
Clinical Measurement.
e following clinical outcome variables were measured (described in greater detail previously [11] ): PD, CAL, BOP, and O'Leary's plaque control record (PCR). Briefly, probing was performed at six sites around each tooth, and intraexaminer and interexaminer (KT, NS, YK, TH, TO, and NT) calibrations were carried out prior to the measurement. Periodontitis was defined based on the criteria proposed by the Centers for Disease Control and Prevention (CDC) in partnership with the American Academy of Periodontology (AAP) [24] . Subjects with at least two interproximal sites with CAL ≥ 6 mm (in different 2 International Journal of Dentistry teeth) and at least one site with PD ≥ 5 mm were diagnosed with "severe periodontitis," while those with at least two interproximal sites with CAL ≥ 4 mm or at least two interproximal sites with PD ≥ 4 mm (in different teeth) were diagnosed with "moderate periodontitis." All remaining patients were diagnosed with "no or mild periodontitis." e smoking status was evaluated in pack-years using a questionnaire [25] , and the body mass index was calculated from the subject's height and weight.
Microbiological Assessment for Periodontopathic Bacteria.
e microbiological assessments performed for periodontopathic bacteria have been described previously [11] .
e copy numbers of total bacteria and periodontopathic bacteria (Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, and Prevotella intermedia) in the subgingival plaque were determined by BML, Inc. (Tokyo, Japan) using the PCR-invader method, while antibody titers to the periodontal bacteria (P. gingivalis, A. actinomycetemcomitans, and P. intermedia) were measured using the clinical testing service provided by LEISURE, Inc. (Tokyo, Japan).
Laboratory Assessment for Biological
Markers. Serum and urine samples were obtained from all subjects after overnight fasting.
e urine biomarkers A-Meg, C-Meg, PCX, L-FABP, ALB, NGAL, β 2 -MG, α 1 -MG, and NAG were measured as described below. A-Meg, C-Meg, and PCX were measured by Denka Seiken Co., Ltd., Tokyo, Japan, as described previously [20, 21] , while L-FABP, ALB, NGAL, β 2 -MG, α 1 -MG, and NAG were quantified using commercial kits (RENAPRO L-FABP test (CMIC HOLDINGS Co., Ltd., Tokyo, Japan), ALB-TIA N SEIKEN (Denka Seiken Co., Ltd.), NGAL test kit (BioPorto Diagnostics A/S, Gentofte, Denmark), BMG-LATEX X1 SEIKEN (Denka Seiken Co., Ltd.), αMi-LATEX SEIKEN (Denka Seiken Co., Ltd.), and N-assay L NAG NITTOBO (Nittobo Medical Co., Ltd., Tokyo, Japan)).
e urinary concentrations of each biomarker were normalized to that of creatinine (expressed as/g Cre). e subjects with β 2 -MG ≥ 300 μg/g Cre were assigned to the β 2 -MG high group, and the highest quartile was defined as the NGAL high group. e estimated glomerular filtration rate (eGFR) was calculated using the following Japanese equation: eGFR (mL/min/1.73 m 2 ) � 194 × serum Cr −1.094 × age −0.287 (for males).
Serum high-sensitivity C-reactive protein (hs-CRP) levels were measured using the CRP latex (II) immunoturbidimetric assay (Denka Seiken Co., Ltd.), while hemoglobin A1C (HbA1C) (NGSP) and serum creatinine were measured in an accredited facility (ISO15189) of the Department of Clinical Examination, Niigata Association of Occupation Health Inc. (Niigata, Japan).
Statistical Analysis.
Linear correlations between the parameters were analyzed using the Spearman's rank correlation coefficient. e normality of the data was examined using the Shapiro-Wilk test, and based on the results, differences in parameters between the β 2 -MG high or NGAL high groups and the others were analyzed using a parametric or nonparametric test (Mann-Whitney U test). Based on the findings of the Levene's test, the unpaired or Welch's t-test was chosen for further parametric analysis. Multivariate regression analysis was performed by the force entry model, in which the concentration of hs-CRP and the number of sites with PD ≥ 6 mm were categorized to the dummy variable from 1 to 4, and the number of sites with CAL ≥ 6 mm was categorized into 1 to 5 consisting of an equal number of subjects to obtain normalized distribution before analysis.
e differences in urine biomarker levels between the three periodontitis groups, as described previously, were compared using the Kruskal-Wallis test followed by a Bonferroni correction.
e adjustment for multiple comparison was not performed to avoid missing to detect weak relationship (type II error) in the exploratory study [20, 26] . All statistical analyses were performed using two statistical packages, GraphPad Prism ver. 6 (GraphPad Software Inc., La Jolla, CA, USA) and IBM SPSS 25.0 (IBM Inc., Armonk, New York, USA). e level of significance was set at P < 0.05 (indicated using * for P < 0.05 and * * for P < 0.01).
Results
Correlation between Urine Biomarkers and Microbiological/ Clinical Parameters Related to
Periodontitis. e Spearman's correlation coefficient was used to evaluate the association between the urine biomarkers and various microbiological or clinical parameters of periodontitis. e results showed that, of all the urine biomarkers examined, only β 2 -MG, α 1 -MG, and NGAL were significantly correlated with the clinical parameters. e remaining biomarkers, including A-Meg, C-Meg, PCX, L-FABP, ALB, and NAG, exhibited no such correlation (data not shown). e concentrations of β 2 -MG/Cre and α 1 -MG/Cre were correlated with the mean PD, mean CAL, and number of sites with CAL � 4 or 5 mm.
e concentration of NGAL/Cre was correlated with the number of sites with PD ≥ 6 mm, CAL ≥ 4 mm, CAL � 4 or 5 mm, or CAL ≥ 6 mm. e level of NGAL was also correlated with age, which was one of the potential confounding factors that could influence the levels of urine biomarkers (Table 2 ). Based on the positive results in the correlation analysis, β 2 -MG, α 1 -MG, and NGAL were selected for further analysis. However, no significant association was observed between α 1 -MG and the periodontal parameters (data not shown), and therefore, only the results of the β 2 -MG and NGAL analyses have been reported below.
Association between β 2 -MG and Periodontal Parameters.
Upon comparison of periodontal parameters between the β 2 -MG high (β 2 -MG ≥ 300 μg/g Cre) and the normal groups, the β 2 -MG high group was seen to exhibit a greater copy number of Prevotella intermedia and total bacteria in the subgingival plaque (P � 0.033 and 0.013, respectively). Furthermore, clinical parameters such as O'Leary's PCR (%), BOP (%), and number of sites with PD ≥ 4 mm, PD � 4 or 5 mm, or PD ≥ 6 mm were significantly greater in the β 2 -MG high group compared to the normal group (P � 0.014, 0.017, 0.016, 0.011, and0.019, respectively). e smoking status (pack-years) was higher in the β 2 -MG high group (P � 0.048), which could be a potential confounder having an effect on β 2 -MG levels of the subjects (Table 3 ) [27] .
Multivariate regression analysis was performed to determine the impact of various factors on β 2 -MG. e factors selected included potential confounders (i.e., age, smoking status, BMI, eGFR, HbA1C, and hs-CRP) and variables that had exhibited an increase in the β 2 -MG high group (BOP, total bacteria in the subgingival plaque, and the number of sites with PD ≥ 6 mm). Of these, the number of sites with PD ≥ 6 mm (i.e., sites with severe periodontitis) was found to be the strongest predictor of β 2 -MG (Table 4) .
Association between NGAL and Periodontal Parameters.
As the NGAL levels were seen to be <21.7 μg/g Cre in all study participants, the threshold concentration of NGAL that contributed to the destruction of periodontal tissue in an incremental manner (data not shown) was examined. e highest quartile (NGAL ≥ 0.49 μg/g Cre) was defined as the NGAL high group, and comparisons of periodontal parameters between this group and all others are shown in Table 5 . No significant differences in the potential confounders were observed between the groups. e NGAL high group exhibited a higher copy number of Porphyromonas gingivalis in the subgingival plaque (P � 0.018). Among the clinical parameters, only the number of sites with CAL ≥ 6 mm was seen to be increased in the NGAL high group (P � 0.041), while no differences in the number of sites with PD ≥ 6 mm were observed between the groups (P � 0.106).
Multivariate regression analysis with NGAL as a dependent factor was carried out and, once again, the variables selected included potential confounders and those that had exhibited an increase in the NGAL high group (Porphyromonas gingivalis in the subgingival plaque and number of sites with CAL ≥ 6 mm). Of these, the number of sites with CAL ≥ 6 mm (cumulative severe destruction of the periodontium) was found to be the strongest predictor of NGAL (Table 6 ).
Comparison of the Concentration of Urine Biomarkers between Periodontitis Groups.
e study participants were assigned to groups based on the severity of the periodontitis exhibited (in accordance with the criteria proposed by the CDC/AAP) [24] . e differences in β 2 -MG, α 1 -MG, and NGAL levels between the groups were analyzed using the Kruskal-Wallis test followed by a Bonferroni correction. e results showed that the urinary concentrations of all the 3 biomarkers tended to increase with the severity of periodontitis, and the β 2 -MG value was significantly higher in the severe periodontitis group compared to the no or mild periodontitis groups (P � 0.009) (Figure 2 ).
Discussion
To the best of our knowledge, this was the first crosssectional study that examined the relationship between periodontitis and various urine biomarkers commonly used to monitor or diagnose kidney function in a Japanese population. A previous study reported that antibody titers to P. gingivalis correlate with albuminuria in nonobese Japanese type 2 diabetic patients; however, the periodontal status of these patients is not defined [28] . Among the urine biomarkers, β 2 -MG, α 1 -MG, and NGAL were seen to be positively correlated with the clinical periodontal status. Although, urinary albumin was reported to have a relationship with periodontitis [14] , no association with parameters of periodontitis was observed in this study. is conflict could be due to differences in the severity of albuminuria, criteria for periodontitis, and ethnicity of subjects. International Journal of Dentistryβ 2 -MG and α 1 -MG are low-molecular-weight proteins (27 and 11.8 kDa, respectively), with the former being produced by all cells expressing major histocompatibility complex class I antigen and the latter being synthesized mainly by the liver and existing in various body fluids [29, 30] . e proteins are readily filtered through the glomerulus in a healthy kidney, and approximately 99% is reabsorbed and catabolized by the proximal tubular cells.
erefore, increased β 2 -MG or α 1 -MG excretion in urine has been reported to indicate early signs of renal tubular dysfunction [16, 17, 31, 32] . e concentration of urine β 2 -MG is also known to increase during various inflammatory conditions or viral infections independent of kidney injury [33, 34] . In the current study, higher inflammatory activity was observed in the PD and BOP (indicating severe periodontitis) of individuals included in the high β 2 -MG group compared to those in the normal β 2 -MG group. Furthermore, multivariate regression analysis indicated that severe periodontitis was independently associated with the urine concentration of β 2 -MG. Multivariate regression analysis was performed by the force entry model. Age, smoking status, BMI, eGFR, HbA1C, hs-CRP, BOP, total bacteria in the subgingival plaque, and the number of sites with PD ≥ 6 mm were used as variables. To obtain the normal distribution, the values of total bacteria in the subgingival plaque were used after logarithmic conversion. hs-CRP and the number of sites with PD ≥ 6 mm were converted to an ordinal value as described in Materials and Methods. R � 0.355; adjusted R 2 � 0.045. Statistically significant values are indicated by * P < 0.05. Previous studies have reported increased concentrations of β 2 -MG in the gingival crevicular fluid, saliva, and serum of patients with periodontitis [35] [36] [37] . However, the mechanism by which periodontitis affects the urinary levels of β 2 -MG is still unclear, and future studies should also focus on examining the levels of β 2 -MG in gingival tissues. High concentrations of β 2 -MG in inflamed periodontal tissues may disseminate into the systemic circulation and be excreted through the urine, thus exhibiting increased levels. On the contrary, due to the bidirectional relationship between renal function and periodontitis [38, 39] , urine β 2 -MG possibly increased along with renal dysfunction and associated with periodontitis. However, the participants of the current study were not diagnosed as renal dysfunction. Further studies are necessary to better understand the mechanism underlying increased urinary concentrations of β 2 -MG in patients with periodontitis.
e results of this study showed an association between the urinary concentration of NGAL and the severity of periodontitis. As increased concentrations of NGAL in the renal tubules are typically associated with kidney injuries, it can be considered as a sensitive biomarker for nephropathy [18, 40, 41] . Interestingly, Morelli et al. reported higher salivary levels of NGAL in patients with severe periodontitis [42] . is biomarker is mainly secreted by neutrophils in a healthy state [43] and is, therefore, also thought to play a role in the regulation of inflammation and antimicrobial defense [44] [45] [46] . Additionally, NGAL is a pleiotropic protein that stabilizes matrix metalloproteinase 9 [47, 48] , which is a catabolic enzyme for type IV collagen, resulting in acceleration of the periodontium destruction [49] . Hence, NGAL may potentially play a role in the pathogenesis of periodontitis, although no information on the gingival NGAL levels of the participants included in the current study were available. e use of biological markers for the diagnosis and treatment of periodontitis has the following clinical benefits: (1) quantitative detection of the systemic biological response that reflects the periodontal status, (2) allows assessment of the risk of systemic diseases related to periodontitis, and is (3) potentially useful for screening for periodontitis without the need for clinical examination by dentists. Urine samples are frequently used for health examinations and can be collected without causing pain or discomfort. Moreover, urinary levels of β 2 -MG and NGAL have been used clinically to diagnose kidney injuries. erefore, these markers can be quite easily utilized clinically for the screening of periodontitis by medical doctors. . e whole subjects were classified by the severity of periodontitis according to the criteria of the CDC/AAP as described in Materials and Methods. e number of subjects in each group was as follows. Severe periodontitis: n � 39; moderate periodontitis: n � 60; no or mild periodontitis: n � 9. e significance of differences of urine biomarkers was determined by Kruskal-Wallis test followed by Bonferroni correction. * Values statistically significant at * P < 0.017. NGAL, neutrophil gelatinase-associated lipocalin; β 2 -MG, β 2 -microglobulin; α 1 -MG, α 1 -microglobulin; Cre, creatinine. e limitations of this study include the cross-sectional study design, the small number of male subjects included, and the absence of multiple adjustments. Hence, future studies should use longitudinal and interventional designs and larger sample sizes in order to confirm the exact association between periodontitis and β 2 -MG or NGAL levels.
It is essential to bear in mind that the participants included in the current study had been examined previously in another study focusing on the relationship between serum biological markers of atherosclerotic disease and periodontitis [11] . is manuscript was prepared with careful consideration of the ethical issues in research [50, 51] . Firstly, all classifications of subjects and statistical analyses were carried out separately, as the focus and aims of each study were distinct. Secondly, the samples for analysis were different, with the current study using urine and the previous study evaluating serum. e results of the two studies have been presented separately as their combination produced findings that were too vast to be discussed in one article.
Conclusion
In conclusion, within the limitations of this study, the findings suggest that urinary β 2 -MG and NGAL are potential biomarkers associated with periodontal parameters. However, the underlying mechanism by which periodontitis increases the urinary levels of these markers as well as their efficacy in the diagnosis or screening of periodontitis are still unclear. Further studies are needed to determine these proteins as a certain biological marker of periodontitis.
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